Introduction
HJ-1-A satellite was launched successfully September 6, 2008, which were developed by china independently. Up to now, a large number of images have been downloaded from the satellites. Therefore, how to remove redundancy and fuse these data is an important research direction. In addition, Hyperspectral imaging systems are receiving increasing attention for a wide variety of military, intelligence, civil and commercial systems. The reason is that a hyperspectral imager provides information on scene content that is not obtainable from single-band or multispectral sensors. In this paper, we examined the benefits of combining data from CCD data (high-spatial-resolution, low-spectral-resolution image) with HSI data (low-spatial-resolution, high -spectral-resolution image).
The deployment of a high-spatial-resolution space-based hyperspectral imaging sensor presents many technological challenges. For an optical imager system, image spatial resolution and spectral resolution is a contradiction. A high spectral resolution imager cannot have high spatial resolution at a given S/N ratio (signal to noise ratio). The spatial resolution of the current hyperspectral imager, especially the imagers on satellite platform, is not very high, such as the Hyperion sensor onboard the NASA EO-1 spacecraft with a spatial resolution of 30 meters [1] . China has only one hyperspectral sensor in Earth orbit, the HSI sensor onboard the HJ-1-A satellite. The HJ-1-A satellite was equipped with a CCD imager which has 30-meter spatial resolution and four bands, and a hyperspectral imager which has 100-meter spatial resolution and 115 bands (specific parameters is in Table 1 ). Typically, the spectral imagery data from high-spatial-resolution, low-spectral-resolution sensor and the high-spectral resolution, low-spatial-resolution sensor are treated separately. The hyperspectral imagery is a rich source of information that lends itself to both physical processing techniques, such as the linear-mixture-model-based techniques, and the Reed-Xiaoli (RX) anomaly detection algorithm. Therefore, how to fuse the HSI data with CCD data and produce a new high-spatial and high-spectral image is important.
In general, image fusion methods mainly include image fusion based on color space, image fusion based on mathematics / statistics, image fusion based on multi-resolution analysis and intelligent image fusion. The color space fusion can be RGB synthetics, IHS transformation, or Brovey transformation. Image fusion based on mathematics and statistics can be ratio fusion, addition multiplication fusion, PCA (Principal Component Analysis) method, HPF (High Pass Filter) method, Bayesian estimation fusion, EM (Expectation Maximum) fusion, or image fusion based on nonnegative matrix factorization. Image fusion based on multi-resolution analysis can be pyramid transformation, wavelet transformation, neural network fusion, or fuzzy theory fusion. In fact, the fusion methods could be used comprehensively to reach the application target [2] .
However, these methods above considered less about the spectrum characteristics and the waveform changes of the fused hyperspectral images. To reduce the waveform distortion of fused image, a model of spatial fusion based spectral reversion (SFSR) and a fusion method based on spectral decomposition were proposed for the high-spectral and panchromatic data [3] [4] . These methods not only improved the image spatial resolution, but also maintained the waveform of the original high spectral data as much as possible. For multi-spectral and high-spectral images fusion, CRISP model was developed [5] . These methods were designed for common images without giving any consideration about characteristics of HJ-1-A satellite. In this paper, we took full advantage of the characteristics of HJ-1-A satellite, such as the same imaging time and similar spectral regime, to minimize the spectral distortion when HSI and CCD data were fused.
Approach
The CCD and HSI images of Honghe National Nature Reserve wetland were chose for this study. The HSI and CCD data sets were taken from the same fixed platform, so there were little registration errors and changes in scene content. The two images were calibrated using flat field calibration method, and then were analyzed to find out the features of the two data sets. Based on these features, the fusion method was developed. 
Flat Field Calibration
Before the fusion of CCD and HSI of HJ-1-A satellite, Sensor calibration and atmospheric correction should be applied for the two images to acquire the ground surface reflectivity. For the lack of the atmospheric parameters, the flat field calibration, one of spectral inversion statistical models, was used. First, one large region with high brightness and flat spectral response curve was chose as the flat field. Then the average spectrum of the flat field was used as the solar spectrum at the satellite passing time. The DN (digital number) value of each pixel was divided by the average radiation spectrum and became the surface relative reflectivity. The atmospheric influence was eliminated from the two images.
 is radiance value of single pixel; F  is average radiation spectrum of the flat field.
Atmospheric correction using flat field calibration method has two important prerequisites: 1) there are no visible absorption spectrum characteristics in the average reflectance spectrum of the flat field; 2) the flat field spectrum should be similar to the solar spectrum. According to the features of the study area, the flat field selected in this study was shown in Figure 1 . 
Spectra Analysis
We chose typical objects from the calibrated images, and analyzed the spectra of these objects on HSI and CCD images. From Figure 2 and 3, we can see: 1) a higher reflectivity and obvious near-infrared reflectance peak presents in the forest spectrum, this matches the ground spectrometer measurements. The other typical object spectra also show a good match between image spectra and the ground spectrometer measurements spectra. 2) There are similar shapes between the spectral curves of typical objects in CCD and HSI images.
3) The relative reflectivity of HSI is generally higher than that of CCD because HSI has greater radiometric resolution. (Radiometric resolution refers to the number of distinguished gray ladder, format of HSI image is an unsigned integer, and CCD is Byte). 4) The spectral curves of typical objects in HSI image are more sophisticated than these in CCD image due to the higher spectral resolution. 
Visual Evaluation
Image fidelity is good. From the aspect of the visual effect of RGB three-band composite, the fused image is approximate to the original CCD image at spatial resolution and color representation, and shows better representation than the original HSI image. There are clearer texture details, especially boundaries of different vegetation and more vivid color in fused image, due to the greater spectral dynamic range and higher spatial resolution. Original CCD（R-4，G-3，B-2） Figure 4 . Comparison between fused image and original images
Spectra comparison
Four typical object spectra from the fused image and HSI image were selected respectively for comparison: forest spectra, grass spectra, bush spectra and marsh spectra. These spectra are shown in Figure 5 , the black line being the fused image spectrum and the red line being the original HSI image spectrum. From Figure 5 , we could see that the peaks and valleys of both waveforms are basically same, although the spectral dynamic range of fused image is greater than that of the original.
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Evaluation for classification
The HSI image and fused image were classified with SAM (Spectrum Angle Mapping). Figure 6 and 7 show that map-spot of HSI classification map is greater, and the map-spot of fused image classification map is finer. This can be ascribed to the fused image's finer representation for surface objects at spatial domain. 
Discussion and Conclusions
Detection algorithms generally perform best when the sensor's instantaneous field of view is comparable to or smaller than the size of the anomalies. Consequently, it is important to investigate techniques which can fuse high-spatial-resolution information with data from a low-spatial-resolution hyperspectral imaging sensor. The approach discussed herein was designed for HJ-1-A satellite. The approach we have developed provides a method to generate high-spatial-resolution spectral imagery by combining multispectral CCD data with data from hyperspectral HSI data having high spectral resolution but low spatial resolution.
The algorithm is unique in several ways. It includes the ability to improve the spatial resolution of HSI data by using higher-spatial-resolution CCD imagery from the same satellite platform. It uses a novel mathematical approach to combine HSI and CCD data to produce a fused image that has high spectral fidelity. We applied this approach to a set of Honghe wetland images from HJ-1-A satellite, and the fused image showed a good result compared to the original data. All in all, this approach provides a means for fusing data from HJ-1-A satellite to produce a spatial-resolution-enhanced hyperspectral image that can be further analyzed by spectral classification and detection algorithms.
